Reactions involving changes that affect the function of leghemoglobin (Lb) 
Lb,2 a hemoprotein of about 16 kD, is an essential component for N2 fixation by legume nodules, but its role is obviously indirect because isolated bacteroids fix N2 in the absence of Lb. Bacteroids are microaerobes and require 02 for respiration and N2 fixation but rapidly lose nitrogenase ' (16) .
A number of metabolites in nodules, including nitrite (27), superoxide radical (24), and peroxides (3), may oxidize Lb2 .
In vitro nitrite induces the oxidation of Lb2+ to Lb3` (27) , whereas NO binds tightly to Lb2" and LbO2, displacing O2 and forming nitrosyl-Lb (Lb2+ * NO). Extracts Hb3'+ 02-HbO2 (2) (3) As expected, autoxidation of LbO2 (Eq. 1) also generates superoxide radical (24) . The rate of autoxidation of soybean LbO2, which is monitored by the decrease in absorption at 574 nm or the increase in absorption at 625 nm, varies with pH, temperature, and concentrations of Lb, certain anions, metal ions, and chelators. Puppo et al. (24) (24) . Detailed mechanisms of both reactions were not provided but may be similar to those of Hb. Because exogenously added SOD inhibited oxidation of LbO2 to Lb3", it was proposed that nodule SOD protects Lb against inactivation (24) .
Hemoproteins react with peroxides to yield a higher oxidation state of the heme Fe, called the oxoferryl complex, whose structure can be described as HX-Fe'V-OH or HX-FeIv = 0 (5). HX represents an amino acid residue that can become "radicalized" during the reaction, forming the oxoferryl radical (. X-Fe'v-OH or * X-Fe'v = 0). This amino acid residue has been identified in Mb as tyrosine-151 by spin-trapping electron paramagnetic resonance (20 LbO2 by glycine at alkaline pH with concomitant oxidation ofglycine to glyoxylate and production of H202. The resulting LbO2 is then rapidly degraded to form a green product that still contains Fe and exhibits a characteristic absorption peak at 697 nm (18) . The physiological relevance of this finding is not clear but, interestingly, heme breakdown and consequent formation of green pigment is stimulated by previous digestion of Lb with carboxypeptidase and partially inhibited by SOD and catalase (18) . "Coupled oxidation" of Lb3" from a variety of legumes with high concentrations (~10 mM) of ascorbate under aerobic conditions initially yields LbO2, but this is rapidly broken down to biliverdin-like pigments (19) . Degradation of heme from LbO2, as monitored by a decrease in absorbance at 575 nm and an increase at 675 nm, produces different biliverdin isomers depending on the methine bridge that is cleaved: pea and vetch Lbs yield almost exclusively isomer (3, but soybean and common bean Lbs are degraded to a mixture of approximately 30% isomer a, 50% isomer , and 20% isomer 6 (19 A protein with FLbR activity has been purified to homogeneity from soybean nodules (Table II) . Most of this enzymatic activity (91%) was localized in the plant fraction of nodules, presumably in the cytosol, whereas the remaining activity (9%) was in the bacteroids (28) . The purification protocol involved several steps of fast protein liquid chromatography, based on protein separation by anion exchange, gel exclusion, and hydrophobic interaction (12) . The purification achieved was 2000-fold with a 15% yield and a specific activity of 500 nmol Lb3" reduced min-' (mg protein)-'. A single band of protein was observed after electrophoresis and silverstaining of SDS-polyacrylamide gels. The protein has a molecular mass of 110 kD and is composed of two identical subunits. Isoelectric focusing of the native protein revealed three equal protein bands with pI values of 5.5, 5.6, and 5.7, which suggest slightly modified or different proteins. The (4, 28) . Exogenous catalase also inhibits Lb3" reduction by FLbR, whereas exogenous SOD has no effect, indicating that peroxide-type intermediates are involved in the reaction (4 Most of the information on the redox reactions of Lb in leguminous nodules has been obtained through in vitro experiments and, of these, only a few have simulated in vivo conditions. Insufficient information about the reactions of Lb in vivo has given rise to speculations and extrapolations from data on the chemical behavior of Lb in vitro. Questions regarding the existence, compartmentalization, and levels of proposed enzymes, metabolites, and free-radicals within nodules must be considered in future research.
